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Abstract 44 
The accumulation and perpetuation of viral pathogens over generations of clonal propagation 45 
in crop species like sweetpotato (Ipomoea batatas) inevitably results in a reduction in crop 46 
yield and quality. This study was conducted at Bundaberg, Australia to compare the 47 
productivity of field-derived and pathogen-tested (PT) clones of 14 sweetpotato cultivars and 48 
the yield benefits of using healthy planting materials. The field-derived clonal materials were 49 
exposed to the endemic viruses, while the PT clones were subjected to thermotherapy and 50 
meristem-tip culture to eliminate viral pathogens. The plants were indexed for viruses using 51 
nitrocellulose membrane enzyme-linked immunosorbent assay and graft-inoculations onto I. 52 
setosa. A nett benefit of 38% in storage root yield was realised from using PT materials in 53 
this study. Conversely, in a similar study previously conducted at Kerevat, Papua New 54 
Guinea (PNG), a nett deficit of 36% was realised. This reinforced our finding that the 55 
response to pathogen-testing was cultivar-dependent, and that the PNG cultivars in these 56 
studies generally exhibited increased tolerance to the endemic viruses present at the 57 
respective trial sites as manifested in their lack of response from the use of PT clones. They 58 
may be useful sources future resistance breeding efforts. Nonetheless, the potential economic 59 
gain from using PT stocks necessitates the use of pathogen-testing on virus-susceptible 60 
commercial cultivars. 61 
 62 
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Introduction 66 
The rapid global spread and cultivation of sweetpotato (Ipomoea batatas (L.) Lam.: 67 
Convolvulaceae) from its centre of origin in South America can be attributed to its simple 68 
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method of propagation and high productivity per unit area. It is now ranked as the seventh 69 
most important food crop worldwide, and is an important food security crop in developing 70 
countries (FAO, 2009). In Australia, the sweetpotato industry is small but expanding, with an 71 
annual production estimated at around 40,000 tonnes (2005-2006) which generates a farm 72 
gate value of AUD 40 million. Up to 80% of this crop is produced in Queensland 73 
(Anonymous, 2009). 74 
There are numerous constraints to the production of sweetpotato globally, but the 75 
most serious of these is the progressive decline in storage root yield and/or vigour over 76 
generations of clonal propagation commonly referred to amongst sweetpotato researchers as 77 
cultivar decline. This phenomenon of clonal degeneration has also been reported in potato 78 
(Solanum tuberosum L.) and other vegetatively propagated crop species, possibly due to the 79 
accumulation of viral and other systemic pathogens and mutations in clonal lineages 80 
(Simmonds, 1981;  Bryan et al., 2003b;  Bryan et al., 2003a). 81 
Viruses can cause storage root yield losses of up to 98% as observed on Kenyan 82 
sweetpotato cultivars (Njeru et al., 2004). At least 20 viruses are currently recognised as 83 
pathogens of sweetpotato worldwide (Valverde et al., 2007). Of these, only four viruses have 84 
been reported in Australia, namely Sweet potato feathery mottle virus (SPFMV), Sweet potato 85 
virus 2 (SPV-2), Sweet potato chlorotic fleck virus (SPCFV) and Sweet potato caulimo-like 86 
virus (SPCaLV) (Jones and Dwyer, 2007). Several methods have been developed to eliminate 87 
viral and other systemic pathogens from sweetpotato clones, such as meristem-tip culture, 88 
thermotherapy and cryotherapy (Love et al., 1989;  Wang and Valkonen, 2008;  El Far and 89 
Ashoub, 2009). The use of pathogen-tested (PT) propagules can improve cultivar 90 
productivity by as much as 81 - 224% (Feng et al., 2000;  Clark and Hoy, 2006). However, 91 
the yield of PT clones generally decreases gradually with successive plantings as a result of 92 
re-infection by viruses. As such, an effective production and delivery system is needed to 93 
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frequently replenish planting stock. For example, PT systems have been developed in the 94 
United States (La Bonte, 2001), China (Feng et al., 2000) and Australia (Anonymous, 2009). 95 
In Australia, the Queensland Primary Industry and Fisheries (QPIF) of the Department of 96 
Employment, Economic development and Innovation, has developed a PT scheme to support 97 
farmers. Under this scheme, stock plants are subjected to thermotherapy and virus-indexing 98 
using the standard procedure of Love et al. (1989), followed by diagnoses based on serology 99 
and electron microscopy. Occasionally, polymerase chain reaction-based diagnosis is used on 100 
plants showing new and unusual symptoms. The PT stocks are initially multiplied in an 101 
insect-proof nursery, and later their mericlones are rapidly propagated in an isolated area 102 
where no sweetpotato is grown within a 10 kilometre radius (in this case at Gatton, 103 
Queensland), before delivery to farmers (Anonymous, 2009). 104 
With the success of the PT scheme in Australia, the QPIF and the National 105 
Agricultural Research Institute (NARI) of Papua New Guinea (PNG), embarked on a 106 
collaborative project aimed at introducing PT technology to improve sweetpotato production 107 
in PNG. Anecdotal evidence from a previous study conducted on 28 local cultivars in PNG 108 
(E. Guaf, pers. comm.) suggested that no benefit was derived from the use of pathogen-tested 109 
materials. To further investigate this phenomenon, we conducted a field trial in Australia to 110 
compare the effect of pathogen-testing on the yield of seven sweetpotato cultivars from PNG 111 
and seven other commercially-grown cultivars. In this paper, we report on the data obtained 112 
from both the previous conducted trial in PNG, and the subsequent trial carried out in 113 
Australia. The interaction between cultivar and virus status is also discussed in light of the 114 
benefits accrued from using PT material. 115 
 116 
Materials and methods 117 
PNG trial comparing PT and field material 118 
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A study comparing the effect of pathogen testing on yield was previously conducted on 28 119 
PNG cultivars (Table 1) at the NARI Kerevat Research Station (4o 19´S, 152o 1.9´E, 12 120 
m.a.s.l.), East New Britain Province, between January and April 1999. The PT materials were 121 
obtained from the tissue culture laboratory of the Secretariat of the Pacific Community, Fiji, 122 
where they underwent meristem-tip culture, virus-indexing by ELISA and graft-inoculation 123 
onto I. setosa before being approved as PT. The PT stocks and the field-derived materials 124 
were bulked up in separate insect-proof screen nurseries. The trial was later planted in a field 125 
characterised by well drained, alluvial soil. The site receives a mean annual rainfall of 2500 126 
mm. 127 
A 2×28 factorial experiment was arranged following a randomised complete block 128 
design with three replications. Individual cultivars were planted on plots spaced 1.0 m apart 129 
and each having five ridges. The ridges were spaced 0.9 m apart and each contained 10 plants 130 
spaced at 0.5 m. A total of 24 sample plants, excluding the guard plants, were evaluated per 131 
plot, which covered an area of 10.8 m2. A basal dose of 50 kg N ha-1 was applied in the form 132 
of urea to boost growth and establishment of the plants. The plants were harvested four 133 
months after planting. 134 
 135 
Australian trial comparing PT and field material 136 
Plant materials 137 
All planting material used in this study was initially derived from 14 sweetpotato cultivars 138 
(Table 1) which formed part of a field-grown germplasm collection maintained at the QPIF 139 
Bundaberg Research Station (24o 51´S, 152o 24´E, 36 m.a.s.l.), Queensland, Australia. This 140 
collection has been vegetatively propagated for the last 10 years and, as such, has been 141 
exposed to endemic viruses present in the region.  142 
 143 
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Thermotherapy and virus-indexing 144 
To obtain PT plantlets, cuttings were taken from each of the 14 cultivars and these were sent 145 
to the QPIF Gatton Research Station (27o 32´S, 152o 19´E), Queensland where they were 146 
potted in 12 cm pots with the standard University of California potting mix and grown in an 147 
insect-proof screen house (30°C, 70% relative humidity (Rh)). 148 
Six to eight week old plants of each cultivar were subjected to thermotherapy in a 149 
temperature-regulated growth cabinet following an established procedure (Anonymous, 150 
2009). The heat treatment comprised incubation for seven days at 25°C, followed by 14 days 151 
at 29°C, and finally at 39°C for 28 days. The meristematic apices of surviving plants were 152 
excised under a dissecting microscope and cultured in vitro following the procedure of Love 153 
et al. (1989). The cultures were maintained under optimal conditions (24–26°C, 70% Rh) for 154 
up to eight weeks until they developed into plantlets. The plantlets (3-5 mm stem diameter) 155 
were also potted in 12 cm pots with the standard University of California potting mix and 156 
grown in an insect-proof screen house (30°C, 70% Rh). After approximately three months, 157 
scions were taken from each plant and grafted onto the universal sweetpotato virus indicator 158 
plant, Ipomoea setosa Ker., following established procedures (Love et al., 1989). Where I. 159 
setosa developed virus-like symptoms after grafting, the sweetpotato plantlets from which the 160 
scions originated were discarded. In all other cases, two leaves were taken from each of the 161 
sweetpotato plants and these were independently virus-indexed using nitrocellulose 162 
membrane-enzyme-linked immunosorbent assay, NCM-ELISA (International Potato Centre 163 
(CIP), Lima, Peru). The NCM-ELISA kit includes polyclonal antibodies to test for SPFMV, 164 
SPCFV, SPCaLV, Sweet potato latent virus, Sweet potato virus G (SPVG),  Sweet potato 165 
mild mottle virus (SPMMV),  Sweet potato chlorotic stunt virus, Sweet potato C-6 virus 166 
(SPVC-6), Sweet potato mild speckling virus and Cucumber mosaic virus together with 167 
positive and negative controls. Plants that tested negative by NCM-ELISA were subsequently 168 
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multiplied in an insect-proof nursery at QPIF Bundaberg Research Station prior to 169 
establishing the field trial. 170 
The field-derived material of the 14 cultivars used in the trial was sourced from the 171 
field germplasm collection at QPIF Bundaberg Research Station. Cuttings were taken from 172 
each plant and bulked up in a glasshouse prior to planting in the field trial. Leaf samples were 173 
obtained from all the plants before the trial was planted and were tested for viruses using the 174 
NCM-ELISA kit while scions from each plant were grafted onto I. setosa. 175 
At the completion of the field trial, a leaf sample was taken from every plant and re-176 
tested for the presence of viruses by NCM-ELISA as described above. 177 
 178 
Field trial site and design 179 
The field trial was conducted at the QPIF Bundaberg Research Station which receives a mean 180 
annual rainfall of 1000 mm. The trial was planted in February 2008 in a field characterised by 181 
well drained, alluvial, dark reddish-brown loam soil. 182 
A 2×14 factorial experiment was arranged following a randomised complete block 183 
design with three replications. Individual cultivars were planted on ridges in single rows of 184 
seven plants spaced at 0.3 m between plants, 1.5 m between ridges and 0.5 m between plots 185 
(cultivars). Cuttings of 30–40 cm in length were used as planting materials. A total of five 186 
sample plants were evaluated per plot, covering a plot area of 2.25 m2. The plants were 187 
watered as required using trickle irrigation. A staggered dose fertilizer was applied during the 188 
growth period to boost growth and establishment of the plants, while Solubor® (1 kg ha-1) 189 
was applied as a foliar spray one week after planting. After root initiation, additional fertiliser 190 
was added through the trickle system on a programmed basis resulting in a total application 191 
of 120 kg ha-1 DM3®, 50 kg ha-1 Muriate of Potash, 30 kg ha-1 urea and 100 kg ha-1 potassium 192 
sulphate. The plants were harvested at four months after planting. 193 
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 194 
Data collection and statistical analysis 195 
At harvest the storage roots were graded following the Australian market standard 196 
(Anonymous, 2009). Storage roots ranging from 45-90 mm in diameter and 15-25 cm in 197 
length were graded as marketable, whereas the smaller and larger storage roots, including 198 
those with defects, were graded as unmarketable. In the case of the PNG trial, marketable 199 
yield comprised of storage roots devoid of defects irrespective of their sizes. The fresh weight 200 
of storage roots was measured on a plot basis and these were then converted into mean yield 201 
(t ha-1) for relative comparison. Statistical analyses were conducted using the Genstat® 202 
Discovery Edition software (VSN, 2007). Initially, spatial analysis was performed to assess 203 
the importance of inter-plot competition but, as this did not prove to be significant, 204 
competition effects were not included in subsequent analysis of variance. Multiple 205 
comparisons among the virus statuses and cultivars were made based on orthogonal contrasts 206 
and Fisher’s least significant difference test where cv. Beauregard, the widely grown 207 
commercial cultivar in Australia, was used as the control. The PNG trial had no standard 208 
variety for comparison and so the Student-Newman-Keuls test was used for comparisons 209 
between cultivars. Where significant differences (P<0.05) were detected in the interaction 210 
between cultivar and virus status, a further comparison was made on the cultivar’s level of 211 
change in their total and marketable yields to assess the benefits of using PT propagules. 212 
 213 
Results  214 
Effect of cultivar and virus status on yield in PNG 215 
Significant differences (P<0.01) in storage root yield, ranging from 4.7 t ha-1 (cv. PNG75) to 216 
18.8 t ha-1 (cv. L135), were obtained from the PNG trial (Table 2). A significant difference 217 
(P<0.01) between the virus status was also detected. Cultivars L942, K142, KAV11, 218 
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KAV79, NUG5, SIL2, SIL3 and WAK3, had lower storage root yields from the PT clones as 219 
compared to their field-derived counterparts (Table 3). On the whole, a nett deficit of 35.6% 220 
in the storage root yield was realised from using PT materials. 221 
 222 
Detection of sweetpotato viruses in Australia 223 
When leaves from the PT plantlets were tested for viruses using NCM-ELISA prior to 224 
planting the field trial, none tested positive for any virus (Table 4), while the positive and 225 
negative controls provided by the CIP CM-ELISA kit reacted appropriately. Further, no 226 
symptoms developed on any of the I. setosa plants grafted with scions from the 14 cultivars. 227 
In contrast, when the field-derived clones were indexed for viruses by NCM-ELISA prior to 228 
planting, all cultivars, except Wanmun and Meriken, tested positive for SPFMV. The field-229 
derived clones of Ally’s Red also tested positive for SPCaLV. A variety of symptoms, 230 
including chlorotic mottling, vein clearing and leaf distortion, developed on I. setosa that 231 
were grafted with scions derived from those cultivars that tested positive to SPFMV and/or 232 
SPCaLV (Table 4). At harvest, the PT and field-derived clones of all cultivars, except 233 
Higaturu, Wosaken, Meriken, Ally’s White, Hawaii Tonga and Wanmun, tested positive for 234 
SPFMV by NCM-ELISA. In addition, the PT clones of cv. Ally’s Red tested positive for 235 
SPCaLV.  236 
 237 
Effect of cultivar and virus status on yield in the Australian trial 238 
In this study there were significant differences (P<0.05) among the cultivars and virus status, 239 
and their interaction in the yield components measured (Table 5). When the mean yields of 240 
both the marketable and unmarketable storage roots harvested from the 14 cultivars grown 241 
from PT and field–derived propagules were compared (Table 6), significantly more 242 
marketable storage roots were only obtained from PT-grown cvs Beauregard, Meriken and 243 
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NG7570 while significantly more non-marketable storage roots were obtained from PT-244 
grown cv. White Star. The total yield obtained from the 14 different cultivars, irrespective of 245 
virus status and marketability, was also determined and these were compared against the 246 
standard, cv. Beauregard. These comparisons showed that the mean yields of cvs Koitake-2 247 
(46.8 t ha-1), NG7570 (50 t ha-1), Markham (65.7 t ha-1) and Higaturu (75.5 t ha-1) were 248 
significantly higher (P<0.05) than the 36.5 t ha-1 of cv. Beauregard (Table 6). In contrast, 249 
White Star (25.8 t ha-1) was the only cultivar that had a significantly (P<0.05) lower yield 250 
than Beauregard. 251 
When the effect of virus status (PT vs field-derived) on the total yield (marketable and 252 
non-marketable) from each cultivar was assessed (Table 6), significantly higher (P<0.05) 253 
yields were obtained using PT cuttings for cvs Beauregard, White Star, Meriken, Ally’s 254 
White, Koitake-2 and Higaturu. The increase in total yields observed using PT material of 255 
these cultivars ranged from 14.1 t ha-1 (cv. Ally’s White) to a highly significant difference 256 
(P<0.01) of 38.5 t ha-1 for  cv. Meriken. When mean total yields derived from all 14 cultivars 257 
of both virus statuses were compared, a nett gain of 38.1% (corresponding to 11.3 t ha-1) was 258 
realised using PT propagules. In terms of the percentage increase in total yield using PT 259 
propagules compared to non-PT material, cv. Beauregard ranked highest (148% increase) 260 
followed by White Star (90%) and Meriken (87%) with cv. Bundy Star showing the lowest 261 
yield increase (7%). When the percentage increase in marketable storage roots derived from 262 
PT propagules was assessed, cv. Beauregard was again ranked highest (470% increase) 263 
followed by cvs NG7570 (150%) and Lola Tonga (144%) with cv. Higaturu showing the 264 
lowest yield increase (9%). Six cultivars (White Star, Hawaii Tonga, Bundy Star, Wosaken, 265 
Markham and Wanmun) all showed decreases in the percentage yield of marketable storage 266 
roots harvested from PT material and these ranged from 19% (Wosaken) to 100% (White 267 
Star). 268 
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 269 
Discussion 270 
The ability of sweetpotato cultivars to respond differently to pathogen-testing has been 271 
associated with different levels of tolerance to viruses (reviewed in Valverde et al., 2007). 272 
Virus-susceptible cultivars are bound to show improved vigour, performance and hence yield 273 
from PT materials where viruses have been eliminated. We observed such improvements in 274 
the total and marketable storage root yields of some sweetpotato cultivars in the Australian 275 
trial by as much as 148% and 470%, respectively. Similar trends in total storage root yield 276 
increases using PT materials have been previously reported. For example, Clark & Hoy 277 
(2006) noted improvement of up to 81% in cv. Beauregard, while Feng et al. (2000) reported 278 
gains of up to 224% from Chinese cultivars. These observations are relative, and are often 279 
confounded by numerous variables of which the genotype and the number of viruses under 280 
consideration are possibly the most important. Njeru et al. (2004) reported variable cultivar 281 
responses to different combinations of infecting viruses, and that mixed infection resulted in 282 
more pronounced symptoms and impact on yield compared to single infections. 283 
There was an average increase in total storage root yield of 38% across all 14 284 
cultivars tested in the Australian trial, but no improvements in total yield were observed from 285 
the use of PT material for the PNG cultivars, Wosaken, Markham and Wanmun. Apparently, 286 
the PNG cultivars seem to have a higher level of tolerance/ resistance to the viruses endemic 287 
to the trial site. This assertion is supported by the findings from the PNG-based trial, where 288 
eight cultivars (L942, K142, KAV11, KAV79, NUG5, SIL2, SIL3 and WAK3) showed no 289 
improvement from the use of PT materials while a 36% nett deficit, in the storage root yield 290 
was realised from using PT materials of all 28 local cultivars. A similar observation was 291 
reported by Carey et al. (1999) who found no significant yield benefit from the use of PT 292 
propagules of three Ugandan sweetpotato cultivars planted across three sites. The reason for 293 
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the observed decrease in yield in some cultivars following PT is unknown. It is possible that 294 
this could be due to of a build-up of transposable elements which are known to be activated 295 
under stresses such as tissue-culture and virus infection (Yamashita and Tahara, 2006;  296 
Villordon et al., 2000). It is also possible that other virus-related factors are involved.  Little 297 
is known about the nature of sweetpotato plants to tolerate and/ or resist viruses as each virus 298 
may be different in how it interacts with sweetpotato genotypes, and how virus titre correlates 299 
with symptom development and yield (Valverde et al., 2007). Further testing of the tolerant/ 300 
resistant cultivars, virus combinations and titre levels, may shed further light on the 301 
mechanism of host response and assist in the identification of useful germplasm for plant 302 
improvement. 303 
SPFMV was the most prevalent virus in the vicinity of the field trial, with several PT 304 
cultivars testing positive for this virus at the conclusion of the trial. Three strains of SPFMV 305 
(Common, Ordinary and Russet crack) have been already reported in Australia (Tairo et al., 306 
2006;  Jones and Dwyer, 2007;  Rännäli et al., 2009). Although sole infection with SPFMV 307 
does not cause significant yield loss (Njeru et al., 2004), this virus nonetheless poses a risk to 308 
the Australian sweetpotato industry due to the possibility of synergising with other viruses to 309 
form lethal complexes (as discussed by Karyeija et al., 2000;  Cuellar et al., 2009).  310 
Interestingly, although SPCaLV-infected plants of cv. Ally’s Red were present at the 311 
commencement of the trial, no transmission of this virus to other plants was recorded during 312 
the trial duration. Whether this was due to cultivar resistance or the lack of a vector is 313 
unknown. 314 
It is likely that additional factors are also involved in the observed responses based on 315 
the fact that a significant increase in yield was obtained using PT clones of cv. Meriken, 316 
which also tested negative to viruses both pre- and post-trialling. These factors may include 317 
the presence of viruses other than those included in the CIP NCM-ELISA kit and the 318 
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presence of virus strains not detected by antiserum in the kit. Mukasa et al. (2003) 319 
demonstrated the inability of the SPFMV anti-coat protein polyclonal antibody included in 320 
the CIP NCM-ELISA kit to detect SPFMV-C (common strain). The absence of symptoms 321 
noted on the grafted I. setosa in this study, however, tends to support the absence of the 322 
SPFMV strains albeit they are present in the country. As such, the possible infection by 323 
another virus, other than those that were screened for in this study, cannot be ruled out as sole 324 
virus infection often tends to result in mild or no symptoms (Karyeija et al., 2000;  Njeru et 325 
al., 2004). 326 
Intriguingly, very fine vein-clearing symptoms with few chlorotic spots of about 5 327 
mm in diameter and cupping of upper leaves, generally characteristic of begomoviruses such 328 
as the Sweet potato leaf curl virus, SPLCV (Valverde et al., 2007) were observed on the 329 
field-derived clones of cv. Meriken at the end of the trial. Although, neither SPLCV nor any 330 
other sweetpotato-infecting geminivirus has been reported in Australia, the observation of 331 
typical virus-like symptoms coupled with the fact that the CIP NCM-ELISA kit only detects 332 
10 viruses (excluding geminiviuses), suggests that SPLCV or other virus/es may have been 333 
responsible for the reduced performance of the field-derived clones of cv. Meriken. It is 334 
therefore imperative to conduct surveys to identify any new endemic viruses in the region so 335 
that appropriate diagnostic tests can be implemented in order to improve the PT scheme for 336 
farmers. 337 
In conclusion, although the increase in storage root yield as a result of pathogen-338 
testing was found to be cultivar-dependent in this study, the potential economic gain from 339 
using healthy planting stocks necessitates its application on virus-susceptible cultivars. 340 
Viruses are a major factor in cultivar decline (Valverde et al., 2007) and so a pragmatic long 341 
term solution to this problem would be to develop virus-resistant cultivars either by using 342 
host plant resistance ((e.g. Mwanga et al., 2002) or through genetic engineering (e.g. Kreuze 343 
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et al., 2008;  Cuellar et al., 2009). The PNG cultivars may provide a useful genetic base for 344 
resistance breeding albeit the nature of host-pathogen interaction, in line with the observed 345 
responses, under the pathogen testing conditions needs to be ascertained. 346 
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Table 1 Sweetpotato cultivars used in the study 445 
Triala Cultivarb Origin Trial Cultivar Origin 
A L 135 Papua New Guinea A L 329 Papua New Guinea 
A L 942 Papua New Guinea A L 676 Papua New Guinea 
A B 11 Papua New Guinea A MAS 1 Papua New Guinea 
A DOY 2 Papua New Guinea A L 9 Papua New Guinea 
A/B K9 (Wanmun) Papua New Guinea A RAB 24 Papua New Guinea 
A BUB 1 Papua New Guinea A L 879 Papua New Guinea 
A NGI 24 Papua New Guinea A PNG 75 (Faiv-mun) Papua New Guinea 
A K 142 Papua New Guinea B L3 (Higaturu) Papua New Guinea 
A L 43 Papua New Guinea B L11 (Koitake-2) Papua New Guinea 
A KAV 11 Papua New Guinea B L 49 (Wosaken) Papua New Guinea 
A POI 13 Papua New Guinea B AIYIB 337 (Meriken) Papua New Guinea 
A NUG 5 Papua New Guinea B AIYIB 316 (Markham) Papua New Guinea 
A SIL 2 Papua New Guinea B AIYIB 067 ((NG7570) Papua New Guinea 
A WAK 3 Papua New Guinea B White Star Australia 
A KAV 79 Papua New Guinea B Beauregard USA 
A NUG 2 Papua New Guinea B Ally’s White Australia 
A KAV 61 Papua New Guinea B Ally’s Red Australia 
A RAB 37 Papua New Guinea B IB 018 (Hawaii Tonga) Tonga 
A L 997 Papua New Guinea B IB 058 (Lola Tonga) Tonga 
A SIL 3 Papua New Guinea B Bundy Star Australia 
A POI 6 Papua New Guinea    
aCultivars used in trials conducted in Papua New Guinea (A) and Australia (B). 446 
bCultivars are identified either by the accession codes of the original donors and/ or cultivar names (also given 447 
in parentheses). 448 
449 
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Table 2 Summary of the analyses of variance of the storage root yields obtained using 450 
pathogen-tested (PT) and field-derived clones of 28 sweetpotato cultivars in Papua New 451 
Guineaa 452 
Source of 
variation 
Degree of 
freedom 
Mean squares of storage root yield (t ha-2)b 
Marketable Unmarketable Total
Block 2 0.5 0.02 0.3 
Virus status (V) 1 759.5** 1.8 835.3** 
Cultivar (C) 27 93.0** 1.1 93.4** 
V x C 27 14.5 1.6 18.7 
Error 110 13.9 0.9 15.0 
Total 167    
aSource: E. Guaf (unpublished data). 453 
bSignificantly different mean squares at P<0.01(**). 454 
 455 
 456 
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Table 3 Comparison of the storage root yields obtained using pathogen-tested (PT) and field-derived clones of 28 sweetpotato  457 
cultivars in Papua New Guineaa 458 
Cultivar Mean yield of PT  
Clones (t ha-1)b 
Mean yield of field-derived  
clones (t ha-1)b 
Total yield 
(t ha-1)b 
Mean total 
yield across 
virus status (t ha-1)c 
Level of change in 
storage  
root yield (%)d 
Marketable 
(a) 
Unmarketable Marketable 
(b) 
Unmarketable PT 
(c) 
Field 
(d) 
Marketable Total 
L 135 15.9 1.4 18.8 1.5 17.3 20.3 18.8 a -15.4 -14.8 
L 942 11.0** 2.1 19.1 1.9 13.1** 21.1 17.1 ab -42.4 -37.9 
B 11 13.7 2.0 15.9 2.1 15.8 18.0 16.9 ab -13.8 -12.2 
DOY 2 12.7 1.2 14.5 1.6 13.9 16.1 15.0 abc -12.4 -13.7 
Wanmun 13.3 1.4 10.5 1.7 14.9 11.9 14.5 abc 26.7 25.2 
BUB 1 11.9 1.4 14.2 1.6 13.3 15.8 14.5 abc -16.2 -15.8 
NGI 24 8.5 1.4 17.6 1.6 9.9 19.2 13.4 bcd -51.7 -48.4 
K 142 8.0* 1.3 14.5 2.0 9.4* 16.5 12.9 bcde -44.8 -43.0 
L  43 10.2 1.6 11.7 1.8 11.8 13.5 12.7 bcde -12.8 -12.6 
KAV 11 6.5* 1.9 13.0 2.5 8.3* 15.4 11.9 cdef -50.0 -46.1 
POI 13 8.2 3.0 11.1 1.2 11.2 12.3 11.7 cdef -26.1 -8.9 
NUG 5 5.2** 1.5 13.9 2.1 6.8** 16.0 11.4 cdefg -62.6 -57.5 
SIL 2 3.2** 1.3 13.9 1.7 4.5** 15.6 10.0 defgh -77.0 -71.2 
WAK 3 4.3* 1.4 11.3 1.7 5.8* 13.0 9.4 defghi -61.9 -55.4 
KAV 79 1.9** 1.1 9.9 5.5 2.9** 15.4 9.2 defghi -80.8 -81.2 
NUG 2 3.5 2.6 9.1 2.0 6.2 11.1 8.6 efghi -61.5 -44.1 
KAV 61 3.9 2.8 6.9 1.8 6.7 8.8 7.7 fghi -43.5 -23.9 
RAB 37 5.2 1.3 7.1 1.8 6.6 8.9 7.7 fghi -26.8 -25.8 
L 997 6.5 1.5 5.7 1.5 8.0 7.2 7. 6 fghi 14.0 11.1 
SIL 3 3.1* 1.5 9.1 1.6 4.6* 10.7 7. 6 fghi -65.9 -57.0 
POI  6 4.5 1.4 7.7 1.6 5.9 9.3 7.6 fghi -41.6 -36.6 
L 329 5.4 1.3 6.9 1.5 6.7 8.4 7.6 fghi -21.7 -20.2 
L 676 3.1 1.3 8.5 1.4 4.4 9.8 7.1 ghi -63.5 -55.1 
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MAS 1 3.4 1.3 5.6 1.9 4.7 7.5 6.1 hi -39.3 -37.3 
L   9 2.3 0.8 6.5 1.7 3.1 8.1 5.6 i -64.6 -61.7 
RAB 24 0.9 2.6 6.3 1.3 3.5 7.7 5.6 i -85.7 -54.5 
L 879 2.6 1.5 5.6 1.2 4.1 6.7 5.4 i -53.6 -38.8 
Faiv-mun 1.5 1.1 4.6 2.1 2.6 6.8 4.7 i -67.4 -61.8 
Mean±SEe 6.4±0.8 1.6±0.1 10.7±0.8 1.8±0.2 8.1±0.8 12.5±0.8 10.4±0.8 -41.5±5.3   -35.7±4.7 
Min 0.9 0.8 4.6 1.2 2.6 6.7 4.7 -85.7 -81.2 
Max 15.9 3.0 19.1 5.5 17.3 21.1 18.8 26.7 25.2 
aSource: E. Guaf (unpublished data). 459 
bSignificantly different means at P<0.01(**) and P<0.05(*) based on orthogonal contrast comparison: mean of PT vs. field treatment (for each cultivar). 460 
cStudent-Newman-Keuls test at P<0.05, means having the same letter are not significantly different. 461 
dLevel of change (%) in storage root yield was calculated using the formula: Level of change (%) = [(New technique – Old technique)/ Old technique] × 100. The level of 462 
change (%) of marketable storage root yield using marketable storage root yields of PT (a) and field-derived clones (b). Similarly, the level of change (%) of total storage root 463 
yield was calculated using total storage root yields of PT (c) and field-derived clones (d). 464 
eStandard error (SE) of the means. 465 
 466 
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Table 4 Diagnosis of sweetpotato viruses using graft inoculation of Ipomoea setosa and 467 
nitrocellulose membrane-enzyme-linked immunosorbent assay (NCM-ELISA) 468 
Cultivar Propagule 
sourcea 
Indicator plant 
symptomb 
(N=5) 
NCM-ELISAc 
Before planting 
(N=5) 
At harvest 
(N=5) 
Higaturu  Field VC, D +SPFMV +SPFMV 
PT ns -ve -ve 
Koitake-2  Field VC, D, CM +SPFMV +SPFMV 
PT ns -ve +SPFMV 
Wosaken Field VC, D +SPFMV +SPFMV 
PT ns -ve -ve 
Meriken Fieldd ns -ve -ve 
PT ns -ve -ve 
Markham Field VC, D +SPFMV +SPFMV 
PT ns -ve +SPFMV 
NG7570 Field VC, D +SPFMV +SPFMV 
PT ns -ve +SPFMV 
White Star Field VC, D +SPFMV +SPFMV 
PT ns -ve +SPFMV 
Beauregard Field VC, D +SPFMV +SPFMV 
PT ns -ve +SPFMV 
Ally’s White  Field VC, D +SPFMV +SPFMV 
PT ns -ve -ve 
Ally’s Red  Field VC, D,CM +SPFMV, +SPCaLV +SPFMV, +SPCaLV 
PT ns -ve +SPCaLV 
Hawaii Tonga Field VC, D, CM +SPFMV +SPFMV 
PT ns -ve -ve 
Lola Tonga Field VC, D +SPFMV +SPFMV 
PT ns -ve +SPFMV 
Wanmun Field ns -ve -ve 
PT ns -ve -ve 
Bundy Star Field VC, D +SPFMV +SPFMV 
PT ns -ve +SPFMV 
aPropagules were obtained from field-derived (Field) or pathogen-tested (PT) sweetpotato. 469 
bGraft-inoculation onto I. setosa was done prior to setting the trial: symptoms denoted as VC 470 
= vein clearing, D = leaf distortion, CM = chlorotic mottling and ns = no symptom. 471 
cNCM-ELISA result denoted as +virus = positive for that virus and -ve= negative. 472 
dMild vein clearing with few yellow spots and cupping of upper leaves noted in the field. 473 
474 
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Table 5 Summary of the analysis of variances performed for yield components obtained from 475 
the trial comparing pathogen-tested and field-derived clones of 14 sweetpotato cultivars 476 
Source of  
variation 
Degree of 
freedom 
Mean squares of storage root yield (t ha-2)a 
Marketable Marketable Marketable 
Block       2 118.1 314.7 153.4 
Virus status (V)       1 704.8** 617.9* 2642.3** 
Cultivar (C)     13 865.6** 354.7** 1380.4** 
V x C     13 170.3* 99.6 257.7** 
Error     54 86.8 111.4 67.6 
Total     83    
aSignificantly different mean squares at P<0.01(**) and P<0.05(*). 477 
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Table 6 Comparison of the storage root yields obtained using pathogen-tested (PT) and field-478 
derived clones of 14 sweetpotato cultivars 479 
Cultivar Mean yield of PT clones 
(t ha-1)a 
Mean yield of 
field-derived clones (t ha-1)a 
Total yield 
(t ha-1)a 
Mean total yield 
across virus status 
(t ha-1)b  Marketable 
(a) 
Unmarketable Marketable 
(b) 
Unmarketable PT 
(c) 
Field 
(d) 
Beauregard 31.9** 20.0 5.6 15.4 52.0** 21.0 36.5 
White Star 0.0 33.8* 2.9 14.9 33.8* 17.8 25.8* 
Meriken 44.5** 38.2 23.3 21.0 82.7** 44.2 63.5** 
Ally’s White 10.9 26.1 4.7 18.2 37.0* 22.9 29.9 
Koitake-2 29.0 28.0 18.0 19.0 56.7* 36.9 46.8* 
Higaturu 45.9 38.0 42.0 25.2 83.9* 67.2 75.5** 
NG7570 29.7* 26.9 11.9 31.6 56.5 43.5 50.0** 
Lola Tonga 17.6 20.1 7.2 21.9 37.8 29.2 33.5 
Hawaii Tonga 4.0 37.6 10.3 23.9 41.6 34.3 37.9 
Ally’s Red 21.1 23.2 12.6 28.8 44.3 41.4 42.9 
Bundy Star 1.9 26.9 3.3 23.7 28.8 27.0 27.9 
Wosaken 4.2 28.9 5.2 28.6 33.2 33.7 33.4 
Markham 12.5 52.9 18.0 48.0 65.4 65.9 65.7** 
Wanmun 15.6 23.1 22.7 27.4 38.7 50.1 44.4 
Mean±SEd 19.2±3.8 30.3±2.2 13.4±2.7 24.8±2.1 49.5±4.4 38.2±3.8 43.8±3.8 
Minimum 0.0 20.0 2.9 14.9 28.8 17.8 25.8 
Maximum 45.9 52.9 42.0 48.0 83.9 67.2 75.5 
aSignificantly different means at P<0.01(**) and P<0.05(*) based on orthogonal contrast comparison: mean of 480 
PT vs. field treatment (for each cultivar). 481 
bMean comparisons at P<0.01 (**, LSD = 12.7 t ha-1) and P<0.05 (*, LSD = 9.5 t ha-1), respectively. 482 
cLevel of change (%) in storage root yield was calculated using the formula: Level of change (%) = [(New 483 
technique – Old technique)/ Old technique] × 100. The level of change (%) of marketable storage root yield 484 
using marketable storage root yields of PT (a) and field-derived clones (b). Similarly, the level of change (%) of 485 
total storage root yield was calculated using total storage root yields of PT (c) and field-derived clones (d). 486 
dStandard error (SE) of the means. 487 
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